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A new seco-amorphane-type sesquiterpenoid from
Artemisia annua L.

ZOU Dao-zeng, XU Fu-jie, YUAN Ji-qiao, WANG Man-yuan’

(School of Traditional Chinese Medicine, Capital Medical University, Beijing 100069, China)

Abstract: Four terpenoids were isolated from the neutral portion of petroleum ether extract of Artemisia
annua by several chromatographic methods, such as silica gel, MCI Gel CHP-20, ODS, Sephadex LH-20 and semi-
preparative HPLC. Their structures were identified by HR-MS and nuclear magnetic resonance spectroscopy.
These compounds were defined as (15,4S,5R,6S,9R,10R)-4-ethoxy-9,10-dimethyloctahydrofuro-(3,2-i)-isochromen-
11(4H) -one (1), 3a,4,5, 6, 6a, 7-hexahydro-3, 6-dimethyl-9-methyl-2H-naphtho[8a, 1-b]furan-2, 8(3H) -dione (2),
kobusone (3) and 1,2-campholide (4). Compound 1 is a new compound, of which the absolute configuration was
established by single crystal X-ray crystallographic analysis. Compound 2 is a new natural product. Compounds 3
and 4 are first isolated from the Artemisia genus.
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Figure 1 Chemical structures of compounds 1-4
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&1 YR (& - 1E k).
J8 1 HR-ESI-MS 1 #E 7> 1 & 1 U m/z: 269.176 2 [M+
H]" (i 551 269.175 3, C,H,.0,) Wi H 2 7R N
CH,0,, MEFE N4, FEALEY 1K 'HNMR &
NT3NHEAES [0,1.18 BH, d, J= 7.3 Hz, H-12),
1.01 3H, d, J = 6.3 Hz, H-13), 1.27 (3H, t, J = 7.1 Hz,
H-15)].

“C NMR i 1 DEPT # (% 1) Rt &M 13LH
15 /MiAs 5, nTIRJE N 3 ARG 5 (0. 12.6, 15.2,
20.6)~5 AN H B R 15 5 [ 2 AN H 2 (6. 66.0,
69.5) F1 3 /NI D 1 0 2R AE 5 (0. 24.4, 27.8, 34.8)]-
AN ERAE S (0. 31.4,35.3,46.9, 55.3) 1 NEH
BURAE 5 (0. 103. ) 1T DNZRIRAE 5 (0. 79.7) AT 1A Fe Kk
W5 (0. 173.0). &Y 11 LA EHE 5 arteannuin
G I NMR s e A AL, B /NS4 1 1 22X AT
TAED T C-A4 MR I A i OB AR Ak .
£ HMBC ¥ (/& 2) ¥, C-14 (-OCH,-) & i 75 C-4/C-

15, H-4 5 C-5/C-11/C-14 L\ J% C-15 (-CH,) &l 15 C-
14 WA -TRIEFEA GG 5 —PHESE | C4EREN &
FAEAAAE. 76 'H-"H COSY ## (& 2) th¥l 52 £ H-1/H,-2/
H,-3. H-6/H,-7/H,-8/H-9/Me-13 Fl H,-14/Me-15 ] # 3¢
B9, &g THEM PP 4.

i I A B X -ray FRLER AT SEERE— P 2 (CCDC:
2410356) 1570 1 B 4600 ¥4 5L 18,48,5R,6S,9R,10R -
KL, 1B 90 1 45K % 8 (1S,48,5R,65,9R,10R)-4-
ethoxy-9, 10-dimethyloctahydrofuro- (3, 2-7) -isochromen-
11(4H)-one.

Table 1 'H (500 MHz) and “C (125 MHz) NMR data of
compound 1 (CDCl,)

No. Oy pu J1n Hz) O type
1 1.42 (ddd, 13.2,12.0,7.2) 55.3,CH
2 1.95 (m) 27.8,CH,
3 3.89 (dt, 8.8, 7.3),4.21 (ddd, 9.4, 7.6, 1.9) 69.5, CH,
4 537(s) 103.7, CH

5 79.7,C
6 1.81 (m) 46.9,CH
7 1.07 (m), 1.95 (m) 24.4,CH,
8 1.09 (m), 1.96 (m) 34.8,CH,
9 1.66 (m) 31.4,CH
10 3.13(qd, 7.2,4.6) 35.3,CH

11 173.0,C
12 1.18 (d,7.3) 12.6, CH,
13 1.01 (d, 6.3) 20.6, CH,
14 3.59(dq,9.4,7.0),4.09 (dq, 9.5,7.1) 66.0, CH,
15 1.27 (t,7.1) 15.2, CH,

HMBC 7N
'u.lg cosy —

Figure 2 Key HMBC, 'H-"H COSY correlations (A) and ORTEP
drawing (B) of compound 1
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Figure 3 Schematic diagram of decalin-type bicyclic sesquiter-

penes in Artemisia annua
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Nicolet IS5 2L #F i 4% (3% [ Thermo Scientific 2 7);
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(H A 823 71); Rudolph AP-TV g6 4% (35 [E Rudolph
2 A]); EYELA e % 728 KA (R 5t PRAL g bk s0 2 4t);
SQP B4 43 1 K- (3§ 2 R BF A A AL A IR A #));
ODS-C,, (40~63 pm) K [FHE R K} (1 E Merck A #])
F1 Sephadex LH-20 (3 # Amershan Pharmaci /A #); ¥
JEETEIR IR (GF,s,) FIVEERAE (i B (200~300 H,
T B AL A R A D), SR E B BT Ak 2R
ST G B S D B Al (AE R R YLRHE
A BRA F)); Hill & 2 R ik 4l (36 5 Z 2R R BHE
AF])e

ST FH 250 308 8~9 H R I RG A M, &1
15 B K 2 o s 2 2 Bt G o0 B K R R A
(Artemisia annua L.) 355 G A RN ZE o RUEREAR
(No. AA20201202) fRAF T B &8 B BE K 2 o R fik 12
(BRI
1 RIS SE

B 10 B 1) 75 75 45 ke, I 10 £ B (0 A iih Tk
40 °CHI L FEE 3 IR, FFIR 1 he & FFHEEBUR, W8k iR 4
538 A M BESR U 3.1 kg BUGES 2 A i SR HL)
(1.8 kg) I 2% S A IA WAL, 75 2 A AL
VL, 4 A ek Tk B B K 0 22 v 1k, K S TR i 1 31 7
A AL (117 k)oK 7 78 A0 ik e A
22 MCIHE 73 &, AAS[RNRFE L BE (50%70%100%) i3k
1786 B VR B, 15 3 /N3 Bt H AL MCI-50% (85 g)~ MCI-
70% (669 g)-MCI-100% (334 g). MCI-70% (669 g) %
FH A A €83 43 55, A i Tk - 2 18 (100:0—0: 1)

B FE BRI, TLC s I, & JF A8 B3 4, 49 31 6 NI
55 Bt (Fr,A~F).

Fr.C (94.5 g) & i w0 AF 8 3%, — &0 fe — I
(100:0—1:1) B B 73 B 45 3] 9 N 2H 43 (Fr.C1~C9),
Fr.C2 (8.8 g) £ ) ] ODS ¥ il 4 85, A H i - /K 4k &
(40%~100%) B FEBEL, mbi A 15 2 24 4S9 7 B Fr.
C2a~Fr.C2x. Fr.C2d £ & H - 1E .t 5 45 fh 159 2
th&4%51 (20 mg). Fr.C2a (1.03 g) £&2F414¢ HPLC 4lifk
(ZJE-K, 70:30) 4 EILAP 3 (3.1 mg, £,=12.0 min).
Fr.C2e (3.3 g) &RER AL (A1, Ayl Ek- 2R 415 (40:1—
121) 6 3 i 45 31 8 ANt 43 B Fr.C2el~Fr.C2e8, Fr.
C2e3 (0.7 g) £ -4 4 HPLC 44k (Z.f5-7K, 50:50) 14
Flb &) 4 (4.4 mg, £, =10.0 min). Fr.E (56.6 g) & it
Tk fR A iy, SO e - T (100:0—1:1) BREE 4> B9 15
F 744 %> (Fr.E1~ET7), Fr.El (3.0 g) % | Sepha-
dex LH-20 &t AL (A& W bi-HEE, 1:1) 70 & 453520
AN B FrEla~Fr.Elt. Fr.Ele &4 Milk- 2.1 2 fig
HLEMBEMEAY2 (10.0 mg).

2 HHERE

EML TEYORY & (=& H -1k 2 k),
mp 43~45 °C, [a]® +102 (¢ 0.1, MeOH); UV (MeOH)
Ao (l0g €): 201 (0.65) nm; IR v, : 2 936.1 7171 377
1197 cm™. (+)-HR-ESI-MS m/z 269.176 2 [M+H]" (it
5{H N 269.175 3). 'H NMR (CDCl,, 500 MHz) Al
“C NMR (CDCl,, 125 MHz) %4 W3 1.

ik Z 8 4 7 C H,,0,, M = 268.34, & )7
R, B N a=28.796 5 (4) nm, b=9.916 5 (5) nm,
c=16.788 1 (9) nm, a = 90°, f=90°, y =90°, U =
1 464.452 (13) A°, 7= 180.00 (10), % [A] &£ N P2,2,2,
(no. 19), Z=4, 1 (Cu Ka) = 0.705 mm™", WEERTH B H
27 956, MALATH N 2 807 (R, = 0.025 2), wR, (F,)
40.070 5, Flack £ %1-0.03 (4).

a2 AETERNK, 5T HEE, [a]y +60
(c 0.1, MeOH); UV (MeOH) 4, (log €): 229 (0.43) nm+
200 (0.24) nm; IR v,_: 2 933.2 909.2 849.1 758.1 734,
1681 cm”. (+)-HR-ESI-MS m/z: 249.147 0 [M+H]" (it
A 9249.149 1), 5T 8 C ;H,00,. 'HNMR (CDCI,,
500 MHz) 6: 0.94 (3H, d, J = 6.6 Hz, H,-14), 1.12 (1H,
tdd, J=13.5,10.9, 3.1 Hz, H-9a), 1.21 (3H, d, /= 7.1 Hz,
H,-13), 1.24 (2H, m, H,-8), 1.56 (1H, ddtd, J = 17.6,
11.0, 6.6, 3.2 Hz, H-10), 1.74 (1H, dq, J = 13.3, 3.6 Hz,
H-9b), 1.81 (3H, d, J = 1.5 Hz, H,-15), 1.85 (1H, m, H-
1), 2.26 (1H, dt, J=11.3, 6.1 Hz, H-7), 2.61 (1H, dd, J =
17.4, 12.5 Hz, H-2a), 2.71 (1H, dd, J = 17.4, 4.4 Hz, H-
2b), 3.15 (1H, qd, J = 7.1, 5.8 Hz, H-11), 6.77 (1H, q,
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J = 1.5 Hz, H-5); "C NMR (CDCl,, 125 MHz) J: 47.7
(C-1), 37.5 (C-2), 198.8 (C-3), 139.4 (C-4), 141.0 (C-5),
81.1 (C-6), 42.5 (C-7), 24.0 (C-8), 32.2 (C-9), 30.3 (C-
10), 39.8 (C-11), 178.1 (C-12), 9.3 (C-13), 18.8 (C-14),
15.8 (C-15). LA b %4l 5 SOk o 2 A — B, # %
T & W N 3a,4,5,6,6a, 7-hexahydro-3, 6-dimethyl-9-
methyl-2 H-naphtho[8a,1-b]furan-2,8(3H)-dione,
WEW3 LRy, 5% T HEE, (+)-HR-ESI-
MS m/z: 223.171 6 [M+H]" (i1 515 4~ 223.169 8), 7+ F
LN C,H,,0,. 'HNMR (CDCl,, 500 MHz) §: 0.94 (1H,
dt, J = 12.8, 7.2 Hz, H-3a), 1.02 (6H, s, H,-13,14), 1.31
(3H, s, H,-12), 1.44 (1H, m, H-6a), 1.54 (1H, m, H-2a),
1.66 (2H, m, H-2b,10a), 1.94 (1H, m, H-1), 2.12 (2H, m,
H-3b,10b), 2.41 (1H, m, H-6b), 2.55 (2H, m, H,-7), 2.69
(1H, dd, J = 9.9, 4.9 Hz, H-5), 3.05 (1H, q, J = 8.9 Hz,
H-9); "C NMR (CDCl,, 125 MHz) 6: 51.5 (C-1), 26.6
(C-2), 39.2 (C-3), 59.1 (C-4), 61.8 (C-5), 24.9 (C-6),
37.9 (C-7), 214.3 (C-8), 52.8 (C-9), 35.5 (C-10), 34.7 (C-
11), 16.4 (C-12), 29.5 (C-13), 22.4 (C-14). VL E¥iE 5
SCHRU R T8 B A — 2, W04 8 A )N kobusone
thE&a TTEWMIRY, 5% T I, (+)-HR-ESI-
MS m/z: 169.121 5 [M+H]" (i1 51H N 169.122 9), 7 T
LN C,H,,0,. '"HNMR (CDCl,, 500 MHz) d: 1.00 (3H,
s, H,-10), 1.06 (3H, s, H,-8), 1.29 (3H, s, H,-9), 1.55 (1H,
ddd, J=13.1, 9.7, 4.0 Hz, H-5a), 1.99 (1H, m, H-4), 2.02
(1H, m, H-6a), 2.07 (1H, m, H-5b), 2.19 (1H, td, J = 9.5,
4.8 Hz, H-6b), 2.41 (1H, dd, J = 18.8, 1.6 Hz, H-3a),
2.81 (1H, ddd, J = 18.8, 5.1, 2.7 Hz, H-3b); "C NMR
(CDCl,, 125 MHz) &: 93 (C-1), 172 (C-2), 38.5 (C-3),
42.4 (C-4), 27.8 (C-5), 37 (C-6), 43.4 (C-7), 18.3 (C-8),
17.5 (C-9), 23.8 (C-10). LA b % ¥s 5 Skl i 18 2 A
—F, BB EYN 1,2-campholide.
Y SR 0030 5 5 D 00 5 L 4 S A
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